Van Slyke showed that many cells of the animal body contained free amino-acids at a concentration higher than that in the plasma. Since tissue growth must depend upon the efficiency of capture and concentration of various aminoacids by cells, an understanding of the mechanism for this concentrative uptake might lead to a method by which growth can be controlled. If the mechanism differs appreciably for different tissues, it might well be possible to alter differentially the rate of growth of such tissues. Recently, it has been demonstrated (Wiseman, 1955) that the mnono-amino-mono-carboxylic acids compete for the concentrating mechanism of the hamster small intestine and that methionine completely inhibits the active uptake of glycine, L-proline, and L-histidine, when present in equimolecular amounts. When methionine is present at a twentieth the concentration of the proline, the ability of the intestine to concentrate proline is reduced by 50 per cent. Methionine, therefore, should be useful as a cell growth inhibitor by preventing adequate cellular concentrations being attained by some of the amino-acids essential for protein synthesis. In fact, methionine has previously been reported (Pilsum and Berg, 1950; Graham, Hier, Waitkoff, Saper, Bibler and Pentz, 1950; Wretlind and Rose, 1950) as causing retarded growth in rats and the explanation of its action is probably that outlined above.
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In their study of the uptake of amino-acids by in vitro suspensions of Ehrlich mouse ascites carcinoma cells, Christensen and Riggs (1952) found that the presence of alanine decreased the ability of these cells to concentrate glycine. In an attempt to discover any difference which may exist between the mechanisms in normal and neoplastic cells we have begun a study of the uptake by neoplastic tissue of amino-acids from amino-acid mixtures. Knowledge of such a difference may enable the rate of growth of neoplastic tissue to be suppressed while leaving normal tissue relatively unaffected. The material used was a suspension of cells prepared from a transplantable rat sarcoma and the amino-acids investigated were L-histidine, L-methionine, L-proline, L-lysine and L-ornithine.
It was found that the sarcoma cells in suspension could concentrate against a gradient mono-amino-and diamino-carboxylic acids. The greatest concentration ratio was obtained with L-histidine and the descending order for the others was L-proline, L-ornithine, L-lysine and L-methionine. Generally the amino-acids which could not be well concentrated partially inhibited the cellular uptake of those which could be well concentrated. L-methionine proved to be the best inhibitor of amino-acid uptake and in equimolecular amounts completely prevented L-ornithine and L-lysine from being concentrated by the sarcoma cells.
EXPERIMENTAL.
Turnour.
The RD3 sarcoma used in these experiments had been originally induced by 1:2:5:6-dibenzanthracene injections into the right flank of an inbred strain of albino rats, and has been successfully transplanted subcutaneously in this strain over a period of 20 years ( Fig. 1, 2 ).
Preparation of cell suspension.
Animals bearing a transplanted tumour were killed by a blow on the head and small pieces of tumour tissue from the actively growing periphery of the tumour were excised taking special care to avoid any necrotic areas. These were immediately dropped into about 50 ml. of a bicarbonate-saline (Krebs and Henseleit, 1932) containing 0.3 per cent glucose. The bicarbonate-saline had been previously gassed with 5 per cent CO2 in 95 per cent 02 for 20 minutes. This was then vigorously shaken by hand for 5-10 seconds, allowed to stand for about 0.5 minute, centrifuged at 100 r.p.m. for 0.5 niinute to remove large fragments, and the supernatant then centrifuged at 1700 r.p.m. for 3 minutes to harvest the free cells from the suspension. The cells were then washed twice with bicarbonatesaline and resuspended. Fig. 3 shows these cells on harvesting. They appeared to be undamaged by the procedure described and remained as single discrete cells. There was some contamination with red blood corpuscles but, as can be seen, the latter can form only a very small proportion by weight of the total cell mass. Further, the ability of the erythrocytes to concentrate amino-acids is relatively poor or non-existent (Christensen, Riggs and Ray, 1952) , and hence their presence would not appreciably affect the results. After the last centrifuging the weight of the collected cells was estimated and the amount of bicarbonatesaline used for resuspension was such as to give the required mass of cells per ml. for the particular experiment (varying from 100-300 mg. per ml.).
Amino-acid solutions.
The amino-acids (all of the L-form) were commercial samples of chemically pure grade (purchased from L. Light & Co., Colnbrook, England. Minimum purity 99 per cent.) and were used without further purification. Histidine and lysine were used as the mono-hydrochloride. Ornithine was used as the dihydrochloride and was half-neutralized by addition of sodium bicarbonate. The amino-acids (singly or in pairs) were dissolved in the bicarbonate-saline (containing 0.3 per cent glucose) to give a 20mM concentration of each amino-acid and the solution was gassed with 5 per cent CO2 in 95 per cent 02. On addition of 0.5 ml.
of the cell suspension to the amino-acid solution in the Warburg flask the concentration of each amino-acid became 16mM.
General experimental procedure. 0.5 ml. of the sarcoma cell suspension was added to 2 ml. of the appropriate amino-acid solution in the main-chamber of a 25 ml. Warburg flask. The air in the flask was replaced by 5 per cent CO2 in 95 per cent O2. The flask and contents were continuously shaken for 1.5 hours at 37°C. in a Warburg bath (rate of shaking 80 oscillations per minute, amplitude 4 cm.). At the end of the experimental period 2 ml. of suspension from each flask was centrifuged at 1700 r.p.m. in tared tubes for 10 minutes, and the supernatant collected(. The tube was carefully dried with filter-paper and weighed, thereby obtaining the wet weight of the cell sample. The cell sample was evenly resuspended in 0.5 ml. of distilled water, the protein precipitated with 5 per cent trichloro-acetic acid, and the filtrate collected. The protein in a measured sample of the supernatant from each flask was also removed by use of 5 per cent trichloro-acetic acid and the filtrate collected. The aminoacid concentration of the initial amino-acid solution was estimated along with that in the filtrate samples obtained from the supernatant and cells of each flask. Control experiments were done using suspensions with no amino-acid( in the bicarbonate-saline.
Oxygen uptake of the cell suspension.
The cell suspension was prepared as described above, but a phosphate-saline (Krebs, 1933) is of the order expected for a system where the diffusion of oxygen is not a limiting factor, and as the rate of oxygen uptake was constant during the experimental period, 1.5 hours was chosen as the incubation time. Taole I shows the concentration ratios developed after incubating sarcoma cells in bicarbonate-saline containing single amino-acids or pairs of amino-acids. The concentration ratio is the ratio of the intra-cellular to extra-cellular concentration of the amino-acid at thel end of the experimental period. It was found that when present alone all the amino-acids examined were taken-up against a concentration gradient. L-histidine was concentrated best and the descending order for the others was L-proline, L-ornithine, L-lysine and L-methionine. When two amino-acids were present in equimolecular amounts each aminoacid generally decreased the ability of the cells to concentrate the accompanying amino-acid. With L-methionine the inhibitory effect was most marked and its presence completely prevented L-ornithine and L-lysine from being taken up against a concentration gradient, while the active uptake of the L-methionine itself was unimpaired by the presence of L-ornithine or L-lysine. Amino-acids which could be only poorly concentrated tended to act as good inhibitors of those amino-acids which could be well concentrated.
DISCUSSION
The rate of oxygen uptake observed at 37°C. (-4-0 pl./mg. dry wt./hr.) is similar to that quoted by Warburg (1930) for a human sarcoma and Rous sarcoma of chicken (-5-0 ,ul./mg. dry wt./hr.) although that for Jensen sarcoma of rat is considerably higher (-9-0 ptl./mg. dry wt./hr.) (Warburg, 1930) .
It is interesting to compare the results obtained for the RD3 sarcoma cell suspension with the results obtained by Wiseman (1955) for the hamster sniall intestine, the only norrtal tissue on which such a study has been made, although the mechanism for amino-acid uptake by intestine may differ to some degree from the mechanism in other normal cells. The ability of the RD3 sarcoma cells in suspension to take up amino-acids against a concentration gradient is well marked and the mechanism is active for the diamino-acids as well as for the mono-aminoacids. This is in contrast to the findings with hamster small intestine (Wiseman, 1955) which can transfer against a gradient only the mono-amino-acids but not the diamino-acids. The concentration ratios developed by the sarcoma cells and the hamster small intestine (Wiseman, 1955) are of the same order, although the intestine concentrates proline better than histidine, while the sarcoma cells concentrate histidine better than proline. With both these tissues it was found that poorly concentrated amino-acids act as better inhibitors than amino-acids which are well concentrated. The presence of L-methionine in equimolecular amounts lowered the concentration ratio for L-histidine and L-proline, but did not completely prevent their concentration by the sarcoma cells as it did with hamster small intestine.
The results show a qualitative as well as a quantitative difference between the mechanism in hamster smnall intestine and the RD3 sarcomna cells, the diaminoacids inhibiting the uptake of the mono-amino-acids in the neoplastic material. It is, therefore, possible that an excess of the diamino-acids in the circulation could inhibit the uptake of some essential mono-amino-acids by these tumour cells without blocking the pathway of these essential acids to normal cells. If such an effect could be produced in the intact animal suppression of tumour growth or its regression might occur. However, the actual inhibitory power of the diaminoacids on the uptake of the mono-amino-acids is small and the technical difficulties of maintaining a high concentration of the diamino-acids in the circulation of tumour-bearing animals over a prolonged period will have to be overcome in order to investigate this possibility. SUMMARY.
(1) A technique is described for the preparation of a viable suspension of RD3 sarcoma cells from the rat.
(2) These cells on incubation in vitro in solutions of amino-acids concentrated intracellularly L-histidine, L-proline, L-ornithine, L-lysine and L-methionine.
(3) Amino-acids which could not be well concentrated tended to inhibit the concentration of amino-acids which could be well concentrated. L-methionine, in equimolecular amounts, completely inhibited the concentration against a gradient of L-ornithine and L-lysine.
(4) The results indicate that a mechanism exists for active concentration of mono-amino-mono-carboxylic acids and diamino-mono-carboxylic acids and that individual amino-acids compete with each other for this mechanism. 
